We analyze the propagation of discrete solitons in a periodic system of weakly coupled nonlinear optical waveguides, i.e., a waveguide array. Soliton reflection, transmission, and trapping, as well as coherent and incoherent interaction with a linear guided wave [which can exist owing to defect (inhomogeneous) coupling between two neighboring waveguides], are demonstrated numerically and investigated analytically with a collective-coordinate approach. Some potential schemes of controllable and steerable soliton-based optical switching in nonlinear waveguide arrays are discussed. For the first scheme it is suggested that unstable soliton modes be used to achieve easily steerable propagation of discrete bright and dark solitons. This is to avoid mode trapping by the effective Peierls -Nabarro potential, which always appears because of the system discreteness. The other scheme is based on soliton control with the help of a linear guided wave that can be excited in an inhomogeneous array.
INTRODUCTION
Dynamic, fully controlled switching of optical signals between the input and the output ports is an ultimate goal of all-optical signal processing. Waveguide-based devices are perfect candidates for such applications, 1 so this subject has received considerable attention in the literature. The basic realization of a waveguide switch, a directional coupler, involves two waveguides exchanging power as a result of the weak overlap of their evanescent fields. 2 Optical power is swapped back and forth between waveguides with a rate that depends on the strength of the coupling and the degree of similarity of the waveguides. In addition to the standard two-waveguide geometry, structures involving three or more waveguides have also been studied. 3, 4 All these couplers are linear devices; i.e., their coupling parameters do not depend on the light intensity and therefore are determined by the properties and the geometry of the waveguides. However, when the light intensity is high enough to induce a change of refractive index, as happens in nonlinear media, the self-modulation-induced detuning of the waveguides strongly affects the power transfer. As was first shown by Jensen, 5 a nonlinear coupler allows one to control the amount of the power transfer by varying the input light intensity. Extending Jensen's idea, others have also investigated nonlinear couplers with more than two interacting waveguides. 4, 6, 7 Particularly interesting are the so-called waveguide arrays, structures of many weakly coupled nonlinear waveguides. They have received much attention recently because of their possible applications in signal processing. 8 A nonlinear array of coupled waveguides was introduced by Christodoulides and Joseph. 9 They demonstrated the effect of discrete self-focusing of an input optical signal in the case of a positive (or selffocusing) Kerr nonlinearity. Later the same effect was shown for the self-defocusing nonlinearity. 10 It is known that in a two-waveguide nonlinear coupler optical switching can be fully controlled, and 100% power switching is obtainable by varying the input power in a single waveguide. 5 As the number of coupled waveguides increases, the efficiency of switching ( power discrimination) rapidly decreases. 11 Thus it is practically impossible to control nonlinear switching when the number of coupled waveguides exceeds three. Therefore switching applications of waveguide arrays require an approach totally different from those used until now. One such novel approach is based on the fact that nonlinear discrete systems can support localized moving structures, or discrete solitons. In the context of the present paper the soliton is understood as a spatially localized envelope of the averaged fields in the interacting waveguides, which determines the collective behavior of the fields. Such discrete solitons can be used in switching. This, however, unlike the standard nonlinear coupler, requires collective control of a few waveguides. By variation of the initial phase tilt 12 or amplitude, 13 the propagation angle of the discrete solitons can be changed. An additional, very useful feature of the nonlinear arrays is the ability to support localized temporal pulses in the form of light bullets. Stable stationary propagation 14, 15 and switching 16 of these discrete light bullets were reported recently.
All considerations regarding discrete soliton switching assumed homogeneous waveguide arrays with constant 12 or smoothly varying 17 coupling between waveguides. However, in practical applications it is rather inevitable that some (sharp) variation of the linear coupling may occur. Moreover, for achieving control of multiport switching, some of the waveguides can be made different from the others, and properties of such inhomogeneous waveguide arrays are interesting for switching.
It is our purpose in this paper to investigate the switching and steering of discrete solitons in waveguide arrays and also to analyze the effect of a coupling inhomogeneity on the propagation and control of discrete optical solitons. In particular, we consider the simplest example in which the coupling parameter is changed in only one position in the array. In practice such a situation may occur if the separation between two neighboring waveguides is different from that in the other parts of the array. In such a case a smaller distance between waveguides increases coupling, and a larger distance decreases it. As follows from our results, such a defect may be used to change the switching properties sufficiently and it may even be used to design novel multiport devices with unusual switching characteristics.
The paper is organized as the following. In Section 2 we briefly discuss our model, which is reduced, in the framework of the coupled-mode theory, to the (homogeneous or inhomogeneous) discrete nonlinear Schrödinger (NLS) equation. We also include in the model the effect of the coupling inhomogeneity, which is described by a change in two interaction coefficients in the discrete NLS equation. In the continuum approximation this model may be reduced to a continuous NLS equation with a local (deltalike) impurity. Soliton steering in a homogeneous waveguide array is summarized in Section 3, where we consider both bright and dark solitons. The simplest analytical method for describing the interaction of a soliton with the defect is presented in Section 4, where it is shown that such an interaction may be either repulsive or attractive and is characterized by an effective interaction potential. However, as we have shown numerically below, this mechanism of soliton interaction is valid qualitatively even for strongly discrete arrays, provided that the defect does not support the so-called defect mode, a spatially localized linear guided mode at the defect sites. In Section 5 we analyze two of these types of mode that can exist in our model. The values of the propagation constants calculated for these modes allow us to understand, at least qualitatively, the mechanism of the inelastic interaction of the discrete soliton with the two types of guided mode that are observed in numerical simulations described in Sections 6 and 7. Last, Section 8 concludes the paper.
DISCRETE NONLINEAR SCHRÖDINGER EQUATION

A. Homogeneous Waveguide Array
We consider the waveguide array illustrated in Fig. 1 . A large number of identical, lossless and monomode waveguides (or optical fibers) are equally separated, forming a ( perfect) periodic structure. The distance between each pair of waveguides is large enough to allow their guided fields to be considered those of almost isolated waveguides. On the other hand, the distance is assumed to be short enough to allow the evanescent field tails to overlap slightly, producing a power leakage from one guide to its neighbors. We consider here only the nearest-neighbor coupling, described by the coupling constant k. It is assumed that all waveguides exhibit weak cubic nonlinearity arising from the Kerr effect. By using a formalism of the coupled-mode theory, one can show that the amplitude of the electric field in the nth waveguide is governed by the following dimensionless equation:
Equation (1) is known as the discrete NLS equation. It appears in various branches of nonlinear physics, describing, for instance, the propagation of excitations in discrete molecular chains. 18, 19 This equation supports traveling localized modes, or discrete solitons.
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B. Inhomogeneous Waveguide Array
The other model that we deal with in this paper assumes that the coupling between, e.g., the mth and the ͑m 1 1͒th waveguides isk and that it differs from the linear coupling k in the rest of the array. As a result the discrete NLS equation is modified and now reads as
where we have introduced a relative change of the coupling constant, e ͑k 2 k͒͞k .
The last two terms in Eq. (2) describe the defect in the array between sites n m and n m 1 1, caused by a change in the coupling. It is suggested here that such a defect can supply an effective control for soliton steering and switching. The perturbed version of the discrete NLS equation was studied recently in the context of an atomic lattice perturbation that is due to the presence of a heavy-impurity atom. 21 It was shown that the impurity acts as a scattering center that can affect the propagation of discrete solitons by, for instance, reflecting or trapping them. Also, effects such as a resonant energy exchange between an impurity mode and the soliton have been found. As was mentioned in Ref. 21 , the resonance phenomena resemble similar effects discovered earlier for kink solitons 22 -24 ; however, owing to their internal oscillation, kink solitons have much more complicated structure. In the case discussed here, perturbation of the coupling plays a role similar to that of the impurity in a lattice. One can therefore expect an analogous action of the defect on the soliton propagation and switching. Additionally, because of the different nature of the defect considered here, some new effects on soliton collision can be expected.
It is interesting to look at the continuum limit of Eq. (2). Assuming that the envelope u n changes slowly with n (so that we may keep only the lowest-order spatial derivative) and introducing a continuous variable y an, with a being a distance between the adjacent waveguides, we reduce Eq. (2) to
where y x͞a p 2, and we have renormalized the wavefield, u ! u exp͑22iz͒. This is the well-known continuous NLS equation with a pointlike potential impurity. As is shown in Section 4, depending on the sign of e, this potential is either repulsive or attractive, and it may reflect or trap a soliton.
SOLITON SWITCHING AND STEERING IN HOMOGENEOUS ARRAYS
A. Bright Solitons First we briefly discuss the soliton-based nonlinear switching in a homogeneous array described by Eq. (1). The simplest approach for demonstrating soliton switching in arrays has been presented in Ref. 12 , where for the numerical integration of Eq. (1) the initial excitation was selected for a few (namely, five) waveguides in the form
where n c denotes the core number with the maximum input intensity. The parameter k of the phase modulation (phase tilt) was used to force the localized structure to move within a certain angle, as in the case of the continuous NLS equation. However, when the solitontype modes are strongly localized and their width (i.e., spatial extension) is only a few waveguides, the important novel feature is the existence of an effective periodic potential that strongly affects the free propagation of the discrete localized modes through the array (see, e.g., Ref. 25 and 26 and references therein). This periodic potential resembles the famous Peierls-Nabarro (PN) potential known in the context of dislocation theory. 27 The existence of the PN potential reflects the fact that the translational invariance of the system is broken by discreteness, so one needs to overcome a certain minimum energy barrier to get the localized mode moving in a discrete system. Obviously the existence of the PN potential is related to the mode stability: The mode corresponding to a minimum of this potential (we call it the A mode) is expected to be stable, whereas that corresponding to its maximum (we call it the B mode) is expected to be unstable. 25 Figure 2 demonstrates the evolution of the excitation profile, Eq. (5), and shows which output channel can be reached, depending on the initial phase parameter k. The A mode corresponds to initial condition (5), when n c is selected at the potential site (e.g., n c 0, 61, . . .), and this corresponds to a minimum of the PN potential (see Ref. 25) . It is clear that a certain energy barrier must be overcome to move the mode, and in this sense the parameter k plays the role of an initial velocity of the effective particle associated with the mode center. At the same time, the B mode, i.e., the one localized between the neighboring sites (e.g., n c 61͞2, . . .), corresponds to a maximum of the effective PN potential, and it is to be unstable (see Ref. 25) . Such an instability does not imply mode destruction, though. It implies that a mode starts to move almost immediately under the influence of a small perturbation. Surprisingly, this property and the unstable soliton modes themselves seem to be very useful for the soliton-based optical switching because the desired multiport steering may be easily achieved by a small variation of the parameter k in the region where Fig. 2 . Steering of a bright soliton in discrete array. Shown is the relative position of the soliton envelope center after propagation over the distance z k 100 as a function of the initial phase variation. Filled squares correspond to a stable input pulse centered at a waveguide, whereas open circles correspond to an unstable input pulse initially centered between neighboring waveguides. Fig. 3 . Same as in Fig. 2 but for a dark soliton in a waveguide array. The relative position of the minimum intensity of the dark soliton is shown at z k 600 versus the soliton's initial velocity, defined by the value of the parameter j. The curve shown with open circles corresponds to the B mode, and there exists no threshold for this mode to change direction. The oscillating dependence corresponds to the A mode. Above the threshold value of j the soliton dynamics is similar to that for the B mode, i.e., the soliton always moves in the direction selected by the initial conditions. However, below the threshold velocity j th ഠ 0.045 the soliton may escape to the right or to the left, depending on values of either the initial soliton velocity or its position.
A mode is still strongly trapped by the discreteness (see Fig. 2 ).
B. Dark Solitons
Dark solitons in discrete lattices were recently analyzed in Ref. 26 , where the existence of the effective PN potential of the mode center was demonstrated in analogy to the bright solitons case. However, as was shown in Ref. 26 , the difference between bright and dark solitons is observed in their different dynamic behavior. Dark solitons display a novel type of discreteness-induced instability as a result of a parametric interaction with the effective PN potential (see the discussion in Ref. 26) .
To demonstrate the possibility of switching and steering with dark solitons, we consider the input excitation profile in Eq. (1) with a negative Kerr nonlinearity, i.e., for ju n j 2 u n ! 2ju n j 2 u n , in the form
assuming that h 2 1 j 2 1 (this constraint follows from the asymptotic behavior of the mode for n !`, which approaches the corresponding cw solution with ju n j 2 1͒. In the continuous NLS equation the parameter j describes the velocity of a dark soliton (or the steering angle for spatial solitons; see, e.g., Ref. 28) , and the parameter n c has the same meaning as in Eq. (5). Figure 3 demonstrates the evolution of the localized solution, Eq. (6), for various values of the parameter j; the notation A mode and B mode is used for the two types of mode, initially localized either at a waveguide ͑n c 0, 61, . . .͒ or between two neighboring waveguides ͑n c 61͞2, . . .͒. Again, we observe that switching and steering with the unstable B mode is much easier that with the A mode, which in turn displays a rather complicated oscillatory behavior previously discussed in more detail. 26 Thus in the case of homogeneous waveguide arrays the steering of the soliton-type localized modes is strongly affected by the discreteness in such a way that one should overcome a certain potential barrier to achieve a required steering angle, either by varying the initial phase parameter, in the case of bright solitons, or by varying the parameter j, in the case of dark solitons. However, we have demonstrated above that using unstable modes does allow one, in principle, to avoid the problem with the discreteness-induced trapping of the modes in waveguide arrays.
EQUIVALENT-PARTICLE APPROACH FOR AN INHOMOGENEOUS ARRAY
The simplest method for analyzing the effect of the soliton interaction with a local defect described in Eq. (4) is based on the assumption that the soliton changes its parameters adiabatically in the vicinity of the defect. First we note that in a homogeneous array, i.e., when e 0, the soliton solution of Eq. (4) has the form
where the parameters D and x 0 depend on the propagation direction z,
a is the soliton amplitude, and V is proportional to u, the angle of beam steering, i.e., V tan u.
In the presence of a local inhomogeneity the soliton equation (7) can still be considered an approximate solution of Eq. (4) but with the parameters dD͞dz and dx 0 ͞dz slowly varying in z. This approach is usually called the adiabatic approximation, and it is valid under the condition that the intensity of radiation emitted during the nonstationary soliton motion is small enough. 19 The following is a simple derivation of the equations that determine the z dependence of the soliton parameters. We use the system Hamiltonian for the perturbed system, Eqs. (4):
and calculate it with the help of the approximate expression (7), where the parameters a, x 0 , D, and V
are not yet determined. A simple calculation yields
Now we assume that the relations between the canonically conjugated variables that correspond to the soliton in the unperturbed NLS system remain unchanged in the presence of perturbation. These conjugated variables can be introduced in the framework of the inverse scattering transform for the NLS equation,
We now represent the Hamiltonian, Eq. (10), as a function of the canonically conjugated variables, Eqs. (11), and write the Hamiltonian equations of motion, dp k ͞dz ͕H , p k ͖ 2≠H͞≠q k and dq k ͞dz ͕H , q k ͖ ≠H͞≠p k ͑k 1, 2͒, where ͕ ͖ are the standard Poisson brackets. Then we obtain the following equations for the soliton parameters:
As follows from Eq. (12), in the adiabatic approximation the soliton amplitude is not changed. Equations (13) and (14) are then reduced to the simpler equation
which can be regarded as the motion equation for a classical particle of unit mass with the effective coordinate j ax 0 in the external potential U that is introduced by the impurity,
The strength of the effective potential, Eq. (17), is determined not only by the parameter e but also by the soliton amplitude ͑ϳa 3 ͒. Also it is clear that for e . 0 this potential is attractive, but, for e , 0, repulsive. Equations (16) and (17) can be easily integrated to yield the evolution of the soliton's parameters. For example, for V 0 2 , 2ajej, where V 0 ϵ V ͑2`͒ stands for an initial velocity, the soliton is reflected by the inhomogeneity, and its trajectory is given by the following expression:
For e . 0 oscillatory motion of the soliton near the defect is possible; however, as will follow from Sections 6 and 7, the dynamics may be drastically modified by the exciting of a linear guided mode.
LINEAR GUIDED MODES
The simplest approach presented above is valid when the defect cannot support the so-called linear guided mode, i.e., spatially localized oscillation at the impurity sites that can exist, as will be seen below, only for e . 0. In the linear limit, i.e., when ju n j , , 1, Eq. (2) supports two types of linear guided mode, localized at the two waveguides with the numbers m and ͑m 1 1͒. The symmetric mode is represented by u n ͑z͒ u͑0͒
while the antisymmetric mode is given by u n ͑z͒ u͑0͒
with u͑0͒ being the mode amplitude; in both the cases the parameter q (which must satisfy the condition q , 1) is defined as
Propagation constants of the linear guided modes,
play a role analogous to the frequency in the case of impurity modes in a lattice. From Eq. (21) it is clear that the linear modes exist only for positive e, i.e., for locally increased coupling. This is physically understandable because higher coupling leads to stronger energy transfer between waveguides and eventually its localization. The profile of the two linear modes is shown in Figs. 4(a) and  4( b) , respectively. Clearly, for small e the mode extends over a large number of waveguides, and it can therefore interact with a moving (soliton) mode far from the actual site of the coupling defect. Both modes differ strongly in the values of the propagation constants L 6 . Because the propagation constant of the symmetric mode, Eq. (19) , is closer to that of the soliton, one can expect that the interaction between this mode and the soliton will be much stronger than that for the antisymmetric mode. In fact, numerical simulations have confirmed that the interaction of a soliton with an antisymmetric mode is very weak and has an incoherent character. 
SOLITON INTERACTION WITH DEFECT
Existence of the localized defect mode is expected to modify the soliton interaction with the defect region in comparison with the predictions of the equivalent-particle theory. To analyze the properties of the solitons in the presence of the coupling defect, first we use numerical integration of Eq. (2). We consider a system of 101 weakly coupled waveguides, assuming periodic boundary conditions, i.e., u 1 u 101 . The exact shape of the discrete soliton in a perfect array obtained numerically has been used as an initial condition, and Eq. (2) was subsequently integrated by the generalized Runge-Kutta method. We monitored the accuracy of the calculations by checking two conserved quantities, the power and the Hamiltonian. Some of the results of the soliton scattering are presented in Table. 1.
In this section we consider the case in which the defect region does not support an excited guide mode before the collision with a discrete soliton. When e , 0, the linear coupling in the array is locally decreased. As the continuum limit shows (see Section 4), this is equivalent to the interaction of the soliton with a potential barrier. In Figs. 5(a) -5(d) we present some examples of the soliton collision with this type of coupling defect. In these examples we vary only e, keeping the soliton velocity (or steering angle) unchanged ͑V 0.5͒. When the coupling defect is very small or very large, the soliton behaves basically as an effective classical particle propagating in the presence of a potential barrier; that is, it passes through the barrier [ Fig. 5(a) ] or it is totally reflected without perturbing its shape or velocity [ Fig. 5( b) ]. There exists, however, an intermediate region of e for which the soliton is partially transmitted and partially reflected. In this case, after the collision with the defect the primary soliton splits into two solitons with lower amplitudes and velocities [ Fig. 5(c) ]. By carefully adjusting the value of e for a given soliton velocity, we were also able to observe the behavior shown in Fig. 5(d) . In this case the soliton approaches the defect sites with low velocity and becomes trapped by it over a long distance. However, this state is unstable because, as follows from the results of Section 4, it corresponds to a particle sitting on the top of the potential hill. An infinitesimal perturbation causes the soliton to move either way, and this is indeed observed in numerical simulations. Thus for e , 0 the soliton scattering is explained by the results of the equivalent-particle theory except for the intermediate region of e, where inelastic effects are observed additionally.
Let us consider now the case of positive e. As follows from Section 5, in this case the array can support a linear guided mode near the defect sites, and this mode can be easily excited by the discrete soliton during collision (as a matter of fact, only a symmetric mode can be excited in this way because of a resonant interaction with the soliton). Such an inelastic interaction can drastically change the character of the soliton scattering. In the continuum approximation, the coupling defect with e . 0 corresponds to a potential well (see Section 5), and we should expect dynamics similar to that of a particle interacting with an attractive potential. Simulations show that this is indeed the case. Again, the particular behavior depends on the soliton velocity relatively to the value of e. Some representative results are shown in Fig. 6 for the initially fixed soliton velocity ͑V 0 0.2͒. If e is small and the soliton velocity is high enough, the soliton is transmitted throughout the defect region. On the other hand, for a lower velocity and a large coupling difference, reflection of the soliton from the defect region usually takes place. The final amplitude and velocity of the soliton is usually affected by the process of collision. Typically collision results in a decreased soliton intensity and also a larger width and lower velocity. However, the extent of soliton deformation (or rather modification) also strongly depends on whether the linear guided mode has been excited. When the linear mode is excited [shown, e.g., in Fig. 6(a) ], it intercepts some part of the soliton energy, so the changes to the soliton can be quite substantial. When the linear mode is not excited, the collision can have an almost elastic character, and the soliton travels through the array without significant changes of its parameters [see, e.g., Fig. 6( b) ]. When the propagation constant of the soliton is close to that of the linear guided mode, the latter can be easily excited by the soliton to localize a part of its energy at the defect site. In this case the collision process also involves interaction with an excited linear mode. As a result the soliton can be trapped by the coupling defect. This particular situation is illustrated in Figs. 6(c) and 6(d). In the example shown in Fig. 6(d ) the perturbation of coupling is not very large, so the soliton has an energy almost large enough to pass the defect. However, because the coupling defect is weak, the linear guided mode excited by the soliton extends over large number of waveguides, and interaction with the soliton can take place over a large distance. As a result the soliton is attracted to the defect site again, and, after a few bounces around it, becomes trapped.
SOLITON INTERACTION WITH LINEAR GUIDED MODE
In this section we consider propagation and collision of the discrete soliton with the linear guided mode that has been excited at the defect sites before the scattering with a soliton. We expect here a strong dependence of the collision process on the phase of the linear guided mode. Such an interaction can be effectively used for phase-controlled switching of beams with the help of a weak signal trapped by an effective linear superwaveguide at the defect waveguides. We will now focus on the symmetric mode, Eq. (19) . In numerical simulations we again use the exact traveling soliton solution together with the defect mode in the form defined by Eq. (19) . In all runs the soliton was initially centered at the same waveguide ͑n 0 41͒. The coupling defect was located between the eighty-first and eighty-second waveguides. In our simulations the amplitude, the coupling constant, and the phase of the defect mode were changed. As in the recently discussed case of a breather mode interacting with a mass impurity, 21 the variation of these parameters had profound effects on the collision process. This is clearly seen from Fig. 7 , which illustrates the results of the soliton interaction with the linear guided mode when the soliton has the initial velocity V 0 0.5. Some particular examples of this interaction are shown in Fig. 8(a) -8(e) . When only the phase of the linear guided mode is varied, the soliton can be either reflected [ Fig. 8(a) ], transmitted [ Fig. 8( b) ], or trapped [ Fig. 8(c) ]. In some cases the soliton can almost completely deplete the energy of the linear mode as seen in Figs. 8( b) -8(d ) . In such a case the amplitude of the soliton after the collision has been observed to be higher than the initial one. On a few occasions the soliton velocity can increase also [ Fig. 8(d ) ].
On the other hand, it has also been possible to transfer some part of the energy from the soliton to the defect mode, as is evident, for example, from Fig. 8(a) . In such a collision the soliton velocity and amplitude always decrease. This strong sensitivity of the result of the soliton collision to the phase of the linear guided mode can have potential applications for switching. With control of the phase of a weak signal trapped by an effective superwaveguide created at the defect sites, the soliton could be directed to a different position in the array. In Fig. 8(e) we show an interesting example of a collision resulting in soliton trapping, which is similar to that discussed above in the case of the unexcited defect mode. Here again the coupling change is rather weak. On collision the soliton is initially reflected. However, owing to prolonged interaction with a linear guided mode, the soliton is strongly attracted to the site of the defect and, after a few oscillations, becomes permanently trapped. Another interesting example is shown in Fig. 9 , where we illustrate the appearance of the so-called resonance window in the interaction between the soliton and the guided mode. When the soliton reaches the region of the coupling defect, it interacts with the linear guided mode with clearly visible oscillations. The soliton is not yet trapped but after some distance leaves the defect site and propagates freely with a slightly modified velocity. This phenomenon is qualitatively similar to those observed for the other models in which the kink -impurity interactions were investigated. 22 -24 To conclude this section we briefly mention the interaction of the soliton with the antisymmetric linear guided mode, Eq. (20) . As the propagation constant of this mode strongly differs from that of the soliton, it can be excited only externally and not by the collision process. Even when excited, the antisymmetric mode cannot efficiently exchange energy with a soliton. Indeed, simulations confirm that interaction of the antisymmetric mode and the soliton has an almost perfectly incoherent character, i.e., the interaction is practically independent of their relative phase. However, the presence of such an antisymmetric mode does influence collision with the soliton through the cross-phase-modulation effect, which may be understood as the existence of an effective potential at the defect sites similar to that described in Section 4.
CONCLUSIONS
We have analyzed different dynamic regimes of the propagation of solitonlike modes in waveguide arrays that seem to be important for multiport soliton-based Fig. 9 . Example of the resonant interaction of the discrete soliton with an excited linear guided mode; the soliton is initially trapped in the region of increased coupling but finally leaves the defect region almost completely, depleting the energy of the linear mode. In this case the soliton velocity V 0 0.2, the coupling defect e 0.1, and the relative phase is f 1.6. nonlinear switching. In particular, we have shown that mode trapping as a result of a discreteness-induced effective Peierls-Nabarro (PN) potential can be overcome and that the steering of optical beams can be realized in such waveguide arrays. We have suggested two simple methods for beam steering in the arrays. One relies on the use of unstable modes. Such a mode can be more easily controlled at the input of the array, and, because it has an energy high enough to overcome the PN barrier, it does not exhibit trapping. We have demonstrated how this idea can be used in the case of both bright and dark solitons. Another mechanism for soliton control is related to inhomogeneous waveguide arrays, in which a local change of the linear coupling between the neighboring waveguides creates the possibility of exciting and supporting the so-called defect mode (a linear guided mode). The variety of different phase-dependent interactions between the discrete soliton and the guided mode gives birth to different types of soliton dynamics as switching, steering, and control in the array. We believe that the novel principles of beam control in waveguide arrays open possibilities for their application in multiport nonlinear optical switching.
